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Abstract 

With the development of a national market economy, the Chinese aviation industry is now confronted with international competition. Therefore, it is necessary to research the competitive status of Chinese national aviation, as well as advice on how to enhance the competitiveness of the Chinese aviation industry. The main objective of this paper is to propose FAHP as an effective solution for resolving the uncertainty and imprecision in the evaluation of airlines’ competitiveness. In this paper, we review the research of industrial international aviation competitiveness at both home and abroad, discuss a theoretical framework for the study of aviation competitiveness, establish an index system with 5 first-order indicators and 17 second-order indicators, set up a Chinese aviation competitiveness model based on simple fuzzy numbers from the Fuzzy Analytic Hierarchy Process, and evaluate the competitiveness of 5 major Chinese airlines. The results show that this model and these indicators are scientific and practical, with a wide range of application prospects for the purpose of improving and increasing Chinese airline competitiveness in the international market. The effective approach presented in this paper is especially applicable when subjective judgments on performance ratings and attribute weights are not accessible or reliable, or when suitable decision makers are not available.
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1. Introduction

Along with China’s increased economic development, the Chinese aviation market has likewise grown increasingly rapidly; the Chinese domestic competition has consequently become fiercer, so the ranking of aviation competitiveness has become the core of current Chinese airline research. To acquire and retain customers in such a highly competitive market, it is of strategic importance for Chinese airlines to understand the irrelative level of competitiveness in terms of the critical factors affecting their competitive advantages. As such, the primary purpose of this paper is to determine a measurable form by which to evaluate the competitiveness of Chinese airlines. However, such a measurable criterion is difficult to make due to the inherent subjective nature of traditional performance ratings.

But, the airline industry is not alone in addressing this conundrum. A wide variety of competitive analysis techniques have been developed for organizations to understand their industries and their competitors. Some studies explicitly link competitive analysis to strategy formulation under a descriptive framework (Porter, 1985) or in an operational fashion (Oral, 1993). However, despite all the significant advances being made in competitive analysis research, there is still no single best approach for a general competitiveness evaluation of the aviation industry. In particular, there is no universal or exact definition for competitiveness, making competitiveness subjectively mean different things to different organizations. This seems to suggest that the concept of competitiveness is context-dependent, and that its measurement should reflect the competitive environment investigated. The main objective of this paper is to propose FAHP as an effective solution for resolving the uncertainty and imprecision in the evaluation of airlines’ competitiveness.




2 Literature Review

2.1 Review of Competitiveness Research

In the aviation industry, quite a few theoretical and empirical studies have been conducted on the evaluation of aviation competitiveness in terms of some key factors, such as cost (Oum & Yu, 1998), operational performance, productivity, price, productivity, service quality (Bureau of Transport and Communications Economics, 1993), efficiency, probability, safety (Janic, 2000), and service quality (Chang & Yeh, 2002). This research can be summarized in the following groups:

(1) Evaluation in Terms of Service Quality

 In assessing an airlines’ competitiveness, Park, Choi, and Zhang (2009) analyze the relationship between various distinguishable factors and their relative importance, for evaluating the operation of air express delivery services in the Korean market. Through the AHP, the analysis showed that the most competitive airlines were the ones that are most accurate and timely. Further study of these two factors found that price impact is also a major factor in airlines’ competitiveness. Therefore, accuracy, timeliness, and price are the main competitiveness factors for cargo airlines, according to Park’s study.  However, using the panel data model and focusing on European and American airlines, Santana (2009) takes a different approach to studying the evaluation of service quality. His analysis shows that the Public Service Obligations in Europe do affect the economic performance of carriers, but not the U.S.'s Essential Air Service Program.

(2) Evaluation in Terms of Financial Security 

 Chang and Yeh (2001) evaluate fares and airlines’ profits in Asia and discuss if and which factors hampered their growth potential. They found that fares were blocked not only by regulations, but also by the embedded income and cost advantage of all fare competition. Han and Wang (2006) apply grey clustering to the financial evaluation of airlines. The definite weighted functions were determined based on the factors in the vertical and horizontal comprehensive evaluation of the financial situations of 20 airlines worldwide in 2004. In their research, the airlines’ solvency, operating capacity, and profitability were first respectively analyzed in the grey clustering evaluation, on which the comprehensive financial situations were evaluated. In this method, each individual evaluation could reflect the airline's operation in that area, and the total comprehensive evaluation method could evaluate the operation of the various airlines. The comprehensive clustering evaluation determined that the overall business of Air China in 2004 was rated best, followed then by Hainan Airlines, China Southern Airlines, and China Eastern Airlines. More significantly, Wang (2008) took into account an important decision indicator of the airline competitiveness – a financial performance indicator that directly affects an airlines' survival. Financial performance indicators are mainly in the form of financial ratios, and the data can be retrieved from the airline's balance sheet, income statement, and cash flow statement. In the analysis of financial ratios, a number of representative indicators were picked up in several groups of indicators, and then the gray relational analysis method and fuzzy multiple criteria decision making methods were utilized, all in order to assess the financial performance of airlines. 

(3) Evaluation in Terms of Market Choice
   Wei and Hansen (2007), through sensitivity analysis, study how airlines choose flights of different distances in while the midst of fierce competition, and proposed an approach to balance higher and lower travel demands. They analyzed airlines’ competitiveness factors, including aircraft size and service frequency, and the results showed that airlines choose markets based on the cost and business of both supply and demand sides. The empirical research was based on cost, market share, and the demand model.

(4) Evaluation in Terms of Technical Efficiency

Qi, Jiang, and Chong Wu (2008) use the Stochastic Frontier Function to estimate the technical efficiency of airlines worldwide. The results showed that most Chinese airlines’ general inadequate operation, management mechanisms, and institutional environment of development were the cause of their technical inefficiency and poor resource allocation. Therefore, the improvement of an airline’s competitiveness demanded improvements in both the institutional environment and management mechanism.

Overall, the present study of airline competitiveness has two obvious disadvantages. First, this research only took into account the industry and international competitiveness separately, not simultaneously. We defend this separation because a simultaneous analysis would have resulted in an ambiguous evaluation index system, including of the aviation industries’ competitiveness, or its international competitiveness. There is no specific comparative study on the evaluation index system. Secondly, single indicators (instead of all the efficiencies) were used in the evaluation of airlines’ competitiveness. Single evaluation efficiency cannot fully reflect the competitiveness of airlines. Therefore, various evaluation efficiencies should be taken into consideration when evaluating an airline’s competitiveness.

These single efficiencies cannot reflect overall aviation competitiveness. Specifically, an airline’s competitiveness should be addressed by considering all critical performance measures of both efficiency and effectiveness, from the viewpoint of both the airlines and the customers. A study on a competitiveness index developed by Aviation Week and Space Technology defines a set of performance dimensions identified for assessing the relative competitiveness of publicly traded aerospace and airline companies, in an attempt to provide insight into the impact of management decisions on overall organizational performance. The performance dimensions identified are: operating efficiency, financial stability, asset utilization, earning protection, liquidity, and market valuation. Despite the index’s practical advantages as a benchmarking tool for objective assessment of competitiveness, this index cannot be applied to a specific environment, such as the Chinese airline market, where customer-oriented performance measures contribute significantly to overall competitiveness (Velocci, 1998). Therefore, this research proposes the competitiveness evaluation of Chinese airlines in both the industry and general international aspects.

At present, several popular competitiveness evaluation methods are applied widely. Multi-Criteria Decision Analysis (MCDA) is a discipline aimed at supporting decision makers who are faced with making numerous and conflicting evaluations. The choice of which model is most appropriate depends on the problem at hand, and may be to some extent dependent on which model the decision maker is most comfortable with (Higgins, Hajkowicz, & Bui, 2008).

In the basic theory and method of the grey correlation analysis, Hu (2003) establishes a multilevel gray evaluation model for the enterprise competitiveness, and uses the model to evaluate the enterprise’s competitiveness. But because of the vague descriptions of the definite weighted functions, there are different options for the definite weighted functions in the application.

Rather than prescribing a "correct" decision, the AHP helps decision makers find one that best suits their goal and their understanding of the problem—it is a process of organizing decisions that people are already dealing with, but are still trying to make in their heads. Wang and Liu (2006) construct an evaluation index system of the international competitiveness of high-tech enterprises. Using AHP to determine weights, their research overcame the imprecision of the experts’ judgments. However, in practice, due to the impacts of experts’ main professional standards, quality and preferences, it was difficult to accurately judge the relative importance between the factors, which inaccuracy largely affected the method. 

Technique for Order Preference by Similarity to Ideal Solution (TOPSIS), first proposed by Hwang and Yoon (1981), is an analysis approach suitable for multiple options, based on a number of indicators. Nevertheless, the weights of the indicators are given in advance in this approach, leading to a somewhat subjective evaluation results. In addition, the rank reversals caused by the new options deserve more specific study.

By viewing these seeming disparate methods from this unifying framework, it is possible to gain new insights into the methodologies, recognize ways that these approaches might be sharpened or improved, and provide a basis for evaluating whether their application will result in solutions that are justified by a normative theory.

(1) Problems of the Traditional Airlines’ Competitiveness Evaluation Index 
The traditional evaluation index system of airlines’ competitiveness lacked quantitative analysis, making it more subjective. Related to industry competitiveness and international competitiveness, an evaluation index system of airlines’ competitiveness, or an open complex system, is rich in content, with a number of factors in the complex multi-level, nonlinear interactions. Current research cannot quantitatively reveal the correlation and grade between the factors of the competitive system. Nor can they reveal the contribution of the factors to the system. They are weak in their in-depth analysis, and illustration of the multiple correlations between the factors and the system frameworks. Competitiveness evaluation of airlines should not only reflect the comprehensive index values, but should also study the impact of the system and the factors, as well as the correlation between these factors. The research should study the operation mechanism of an airline’s competitiveness in order to provide recommendations on how to enhance an overall airline’s competitiveness.

(2) Problems with the Traditional Evaluation Model
The traditional evaluation models did not eliminate the impacts of the objective merits of the sample in the evaluation results. Only from the static perspective of airlines’ competitiveness, and based on the panel data, were the ratings unable to reflect dynamic competitiveness, or reveal the impact of effective management on overall competitiveness. With the rapid expansion of aviation competitiveness and an increasingly complex competitive environment, the limited economic information in the static evaluation model cannot meet the needs requisite to enhance competitiveness. An effective competitive evaluation model should not only reflect the status competitive advantages, but also reflect the relative changes and the degree of the changes of these advantages. The approach outlined in this paper will make up of these shortcomings. 

New theories and methods continue to make more prominent progress in the study of scientific and efficient evaluation of airlines’ competitiveness, but there are still points to be improved. 
Listen
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2.2 Fuzzy Analytic Hierarchy Process

The Analytic Hierarchy Process (AHP), first introduced by Saaty (1980), is a method to deal with complex systems with several alternatives, and provides a comparison of the corresponding results. The AHP conducts a reasonable analysis by putting the problem into different layers and helps the decision makers to make some pairwise comparisons. Another significant application of AHP is that offers a preference list of alternations to solve problems (Bhattarai & Yadav, 2009; Saaty & Vargas, 1990). 

AHP is a simple, flexible and practical multiple criteria decision making method for analyzing qualitative issues in a quantitative way. It is characterized by the hierarchy of the various factors in a complex problem. AHP connects effectively the expert’s knowledge to the objective judgment results, based on certain subjective judgment on the objective reality (mainly pairwise comparisons). AHP uses mathematical methods to rank the weights of each element’s relative importance in the same hierarchy. Through the total ranking of all the hierarchies, AHP calculates and ranks the weights of all the elements’ importance. Because of its combined process of qualitative and quantitative factors, and the flexible and simple characters, AHP has been used in many social and economic fields, such as political, social and technological applications, for calculating benefits, opportunities, costs, and risks (Saaty& Vargas, 2006). 

But the traditional AHP still cannot exactly reflect human opinions (Kahraman, Cebeci, & Ulukan, 2003). One of the problems is that when reflecting the decision maker’s opinions, the traditional AHP can only use an exact comparison value. Other disadvantages, like an unbalanced scale of judgments and its adequacy of inherent uncertainty and imprecision in the pairwise comparison process, is often mentioned by researchers (Wang & Chen, 2007). To overcome all these shortcomings, FAHP (please spell out the acronym here) was developed for solving these hierarchical problems. Decision makers usually find that FAHP is more confident in give interval judgments than fixed value judgments, because usually they are unable to express the preference about the fuzzy nature of the comparison process (Kahraman, Ruan, & Dogan, 2003). This paper proposes the use of FAHP to determine the weights of the main criteria in evaluating Chinese airline competitiveness.

2.2.1 A Brief Review on the FAHP

The main objective of this paper is to propose FAHP as an effective solution for resolving the uncertainty and imprecision in the evaluation of airlines’ competitiveness. In the FAHP, the experts' comparisons are represented as the fuzzy variables by which the final weights of the indexes are determined.

Many FAHP methods and applications in the literature have been proposed by various researchers. Van Laarhoven and Pedrcyz (1983) were the first researchers to introduce the application of fuzzy logic principle to AHP, i.e. the use of triangular fuzzy numbers. To reflect the decision maker’s opinion of each criterion, Buckley (1985) first used fuzzy numbers. Chang (1996) used a new approach, namely, triangular fuzzy numbers for a pairwise comparison scale of FAHP. Leung and Cao (2000) proposed that fuzzy ratios of relative importance were formulated as constraints on the membership values of the local priorities. Bozdag, Kahraman, and Ruan (2003) introduced FAHP as one of the four group decision making methods, based on fuzzy multi-attributes to select the best computer integrated manufacturing system. The concepts of the fuzzy set theory also have been integrated with the AHP as fuzzy AHP (Beynon, Peel and Tang, 2004). In Tolga, Demircan, and Kahraman’s (2005) research, the FAHP approach was used to combine non-economic factors and financial figures. FAHP was first used by Ayag and Ozdemir (2006) to weigh alternatives under multiple attributes, and then conducted a benefit/cost ratio analysis. Chan and Kumar (2007) used a fuzzy extended analytic hierarchy process to select global suppliers. Furthermore, the FAHP also allowed group decision-making (Tang and Beynon, 2009) to derive priorities based on pairwise comparisons. Piotr Jaskowski, Slawomir Biruk, and Robert Bucon’s results showed that the proposed fuzzy AHP method was superior to the traditional AHP in terms of improved quality of criteria prioritization (Jaskowski, Biruk & Bucon, 2010). FAHP has been used more and more often in multi-criterion decision-making because of its simplicity and similarity to human reasoning. Therefore, given its success thus far, we conclude that this method is suitable in the evaluation of proposed policies (including in the evaluation of tangible and intangible information), especially concerning evaluating the competitiveness of Chinese airlines.

2.2.2 FAHP methodology

For the pairwise comparison between factors in FAHP, the importance ratio of one factor to the other is quantitatively described with a 0.1-0.9 scale, and then the fuzzy comparison matrix can be found. 

Here's how to build a fuzzy judgment matrix, to calculate its weights, and then check its consistency. 

(1) Fuzzy reciprocal judgment matrix  
A fuzzy judgment matrix (Hou & Wu, 2004) is defined as: for the matrix, if all of which the elements  are in the interval, the matrix is called a fuzzy matrix. For the pairwise comparisons between factors in FAHP, the importance ratio of one factor to the other is quantitatively described and the fuzzy matrix is formulated. If it has the following properties: 
1）                                           （1）
2）                                       （2）
then such a judgment matrix is called a fuzzy reciprocal judgment matrix. 

The 0.1-0.9 scales in Table 1 are often used to quantitatively describe the relative importance of a certain criteria in any two cases.

denotes the same importance when the factor is compared with itself. denotes that  is more important than. denotes thatis more important than.

According to the scales above, pairwise compare the factors ，and the following fuzzy judgment matrix can be determined:
  .                                            （3）

(2) The weights of fuzzy judgment matrix 

As a general formula to calculate the weights of fuzzy judgment matrix, this formula contains the reliable characteristics and the judgment information of the fuzzy consistency judgment matrix. The character of little computation has brought great convenience in the applications. The formula to calculate the weights of fuzzy judgment matrix is as follows: 
，.                                    （4）

(3) Consistency of fuzzy judgment matrix method 

The consistency should be checked to determine whether the weights are reasonable. But, when the biased consistency is too large, the calculation results of the weight vector are not reliable for decision-making. 

Here are the principles to test the consistency of a fuzzy judgment matrix by its compatibility (Zhang, 2000).

Definition 1: Let matrixes and be fuzzy judgment matrixes, and refer to 
                                             (5)
as the compatibility of A and B. 

Definition 2:  is the weight vector of a fuzzy judgment matrix, where. Let 
，                                       (6)
then the n-order matrix
                                                        （7）
is referred as the characteristic matrix of Judgment Matrix A.

For the decision maker’s opinion , when the compatibility indicator is , the consistency of the judgment matrix passes the test. The smaller the value ofthe higher the consistency of the Fuzzy Judgment Matrix required by decision-makers. Generally, 

For practical problems, usually by a number of experts (let it be) offer the pairwise comparison judgment matrix  on the same factor set. The weights sets can be determined. The consistency test of the fuzzy judgment matrix includes: 

1)	the consistency check of m judgment matrixes:
                                           （8）
2)  the test of the compatibility between the judgment matrixes.
                                      （9）
If the consistency of the fuzzy judgment matrix can pass the test, their comprehensive judgment matrix is also consistent. That is to say, as long as Conditions l) and 2) are met, the mean of m weight sets is reasonable and reliable as the weight allocation vector of factor set. The weight vector is expressed as 
                                                    (10)
where                                        (11)
I think may be k=1~m, that is 
The consistency of fuzzy judgment matrix reflects that of people's judgments, which is very important in the construction of a fuzzy judgment matrix. 


3. The Analysis of Aviation Competitiveness Factors and the Construction of Evaluation Index System 
3.1 Literature of Competitiveness Index System 
In the literature on evaluation competitiveness, many experts and scholars categorized the achievements from different perspectives.  For example, Zhang (2001) proposes ten categories, 56 indicators, the most impact ten of which were management, technology and development, product, production, marketing, assets, talent, size, information, and environment. Zeng and Zhao (2003) select the analyzable indicators such as capital, equipment, size, human resources, asset management capacity, management capacity, etc., and the displayable indicators, including profitability and internationalization level. Sui (2006) establishes an evaluation index system of five first-level indicators consisting of operational efficiency, property safety, human resources and size but does not apply these factors to the international level. Hu (2007) introduces the annual cargo capacity but doesn’t analyze and compare it in details. Yu and Li (2008) build an index system for the multi-level fuzzy comprehensive evaluation that includes operational scale, operation management, routes, service, and productivity. In particular, they introduce safety conditions as second-level indictors, which was the most inspired element of their research. However, their research lacked of a quantitative analysis of the indictors that could reflect airline size, such as flight configuration and the number of the routes, or indicators of the internationalization level. Lin and Li (2006) compare the size, potential development, human resources, and productivity of the American and Chinese airlines, but don’t mention the assets management.

3.2 Aviation Competitiveness Factors
In this paper, we argue that aviation competitiveness must be defined as a comprehensive power that is able to better meet customer needs, and that can continue to obtain greater efficiency and effectiveness in the process of competition in the greater aviation market. This definition reflects the airline's operation and its development situation. The factors affecting the competitiveness of airlines can be broadly divided into the following:
(1) Cost. Ticket price is an effective tool for demand management in the airlines. By influencing demand, pricing strategies can decide the revenue. Price can affect the variable costs, the fixed costs, and the unit of air transportation. Ticket cost likewise affects the competitiveness of airlines on the market.
(2) Efficiency of asset operation. The efficiency of asset operation is the direct embodiment of an airline’s management. Airlines with high operational efficiency can accomplish relatively more production with fewer resources and smaller costs and, ultimately, obtain higher returns.
(3) Scale of production and operation. The scale of production and operations is also an aspect that cannot be ignored by airlines. On one hand, airlines can reasonably configure aircrafts to a different route so as to achieve scale economy, as long as the airlines can reach a certain scale. On the other hand, consumers long have held the false assumption that the products and services of larger companies are of better quality and provide more assurance than those of smaller companies. Therefore, the larger an airline is, the more attractive it is for air passengers and the more advantageous it is in the market share competition; hence, the size of the airline itself is another factor we use in calculating an airline’s competitiveness. In the production scale, we calculate indicators like total assets, number of flights, passenger traffic, available seat kilometers, available ton kilometers, market share, fleet configuration, and etc.
(4) Brand. An airline's brand is intrinsically linked with its degree of goodwill, and goodwill mainly comes from the airlines’ services and credibility. Brand has become a major pull factor embedded in the corporate culture of airlines, in order to meet social and customer needs in the midst of fierce competition. Therefore, brand is also a so-called soft property right for airlines to increase their share of market competitiveness.
(5) Service. An airline's product is service. A service standard reflects an airline's product quality, and so by extension affects the airline's brand.
(6) Main factors of production. The main factors of production in airlines include capital investment, human resources, and infrastructures. Aircrafts, the airlines’ basic means of production, is also the major fixed capital. The size of the fleet not only represents the size of the production capacity, but to some extent, also determines the size of the market share. Human resources, including flight crew, maintenance faculty, ground service personnel, and management personnel, are the instigators of the management and operation innovation, as well as the determining factors in an airline's competitiveness. Infrastructure includes airports, air traffic control systems, civil aviation information systems, and etc. Flight operations and flight times are also crucial unique resources for airlines.
(7) Cultural factors. Cultures in civil aviation industry and other airlines also indirectly affect the competitiveness of an airline.

3.3 Construction Principles of the Index System
The construction of an index system can be built from different perspectives, but it should follow some principles: 
(1) Systematical design. There are numerous indexes reflecting aviation competitiveness, so the index system has to be designed systematically; 
(2) Scientific feasibility. The indexes chosen not only must fully calculate aviation competitiveness but also should be easily calculated; 
(3) Expansibility. The index system must be applicable to different countries for comparison, and should also have applicability to analyses made at different times; 
(4) Independence. The indexes have to be processed to be relevant to each other; 
(5) Objectivity. The indexes have to be objectively chosen, and the evaluation must be objectively made.
 
Based on the principles above, the index system of aviation competitiveness can be constructed on five first-order indicators, namely, internationalization level (A1), market competitiveness (A2), scale competitiveness (A3), asset operation competitiveness (A4), and human resource competitiveness (A5), as well as seventeen second-order indicators as shown in Table 2.

The index system consists of both qualitative indicators and quantitative indicators, as well as both static indicators and dynamic indicators; both indicators can reflect the realistic competitiveness of airlines and of the indicators that can predict their future competitiveness. All these indicators are above the average acceptance. This index system can help airlines identify their competitiveness. On different development stages, each company can change the current index system based on the actual situation in order to make more reasonable and effective evaluations.

4 The Competitiveness Evaluation Models for the Airlines

4.1 Data Acquisition 

A competitiveness evaluation index system for airlines consists of both qualitative and quantitative indicators. Therefore, a prerequisite for a scientific evaluation is the acquisition of objective and accurate data. 

4.1.1 The Qualitative Data
For comprehensive index weights, we consulted the aviation evaluation experts from Shenyang Aerospace University, China, and Shenyang Civil Aviation Cares of Northeast China, Ltd., utilizing the Delphi method, according to the relativity principle of a reasonable system.  Based on the scores of the second-level indicators from the experts and the different properties of the subsystems, different methods were used to construct the fuzzy judgment matrixes and determine the weights of the second-level indicators. In order to measure the competitiveness of the airlines better and to figure out the gap between the Chinese and the international aviation markets, we selected the five major Chinese airlines as the evaluation objects, namely: Air China, China Southern Airlines, China Eastern Airlines, Hainan Airlines, and Shanghai Airlines. 

4.1.2 The Quantitative Data 
Since the evaluation objects in this article were all listed companies, we consulted the latest annual reports of the airlines to acquire the basis data for the quantitative evaluation indicators.  Meanwhile, we also collected the data from the China Statistical Yearbook and China Science and Technology Statistical Yearbook.  

4.2 Modeling

Based on the improved FAHP, if there is a fuzzy reciprocal judgment matrix, there must be a fuzzy consistent matrix, with 
                                             (12)
and a deviation matrix of Matrix P, with its consistency test indicator
                                                   (13) 
We transform the fuzzy reciprocal judgment matrix into the fuzzy consistent matrix, with the application of a transformation formula of the fuzzy reciprocal matrix 
                                                  (14)
where .                                           (15)
We test the consistency of the fuzzy consistent matrix and test consistency of the ranking results with the application indicator. Then, we construct the single hierarchy structure model. An example of the scale competitiveness is shown in Figure 1. 




Based on the experts’ opinions, we compared, respectively, the total asset competitiveness, the fleet configuration competitiveness, the total airlines’ competitiveness, and the operating revenue competitiveness of five airlines, to get an evaluation ranking that is the result of a single hierarchy ranking on competitiveness. In a similar manner, we rank the internationalization level, the market competitiveness, the scale competitiveness, assets operation competitiveness, and human resource competitiveness airlines to get the results of into a single hierarchy ranking.

We constructed the hierarchical structural model based on an airline’s competitiveness evaluation index system, as shown in Figure 2.




5	Comprehensive Competitiveness Evaluation 
5.1 Single Hierarchy Ranking
(1) Evaluation of the Internationalization Level
Let the set of evaluation objects be, where denotes Air China,  China Southern Airlines,  China Eastern Airlines,  Hainan Airlines, and Shanghai Airlines. Comparing the following aspects of the international competitiveness of the five airlines, we found: the proportion of the international flights to the total flights (A11), the proportion of the international revenue to the total revenue (A12), the proportion of the international passenger transport capacity (A13), and the proportion of the international cargo transport capacity (A14). For the raw data of the international competitiveness, see Table 3.

Next, compare the five airlines based on A11, to get the Fuzzy Complementary Judgment Matrix as in Table 4. Then convert the fuzzy complementary judgment Matrix into the fuzzy consistent matrix, and calculate the weights of the indexes. Take the consistency test based on the definition and take the critical value of ε=0.05，α=(n-1)/2 . For the results, see Table 5. Similarly, the consistency tests and the weights of A12, A13, and A14 can also be retrieved in this manner. See Table 6 to Table 13 for the results. One can get the total weights based on the above second-order weights of their international competitiveness; for the results, see Table 14. According to the calculations, the total ranks of the international competitiveness of the five airlines are shown in Table 15.
       



(2) Evaluation on the Market Competitiveness 
Based on the research results and experts’ evaluation on market competitiveness, we compare and judge the aforementioned indicators using the method of pairwise comparisons among the five airlines on four indicators, namely: service satisfaction (A21), brand competitiveness (A22), flight times (A23), and discounted airline tickets (A24). We transform the fuzzy reciprocal judgment matrix into a fuzzy consistent matrix, get the indicator weight, and test the consistency based on the definition, with the critical value, and . The results are shown in Table 16. 



According to the calculation results, the ranking results of the five airlines under each second-order indicator on the market competitiveness, as well as the total rank of the market competitiveness, are shown in Table 17.
(3) Evaluation on the Scale Competitiveness 
Based on the experts’ evaluation on the scale competitiveness, we compare and judge using the method of pairwise comparisons among the five airlines on four indicators, namely: fleet configuration (A31), total airlines (A32), operating revenue (A33), and total assets (A34). We construct and transform the fuzzy reciprocal judgment matrix into a fuzzy consistent matrix, get the indicator weight, and test the consistency. The results are shown in Table 18.



Based on the calculation results, the ranking results of the five airlines under each second-order indicator on the scale competitiveness, as well as the total rank of the scale competitiveness, are shown in Table 19.



(4) Evaluation on the Asset Operation Competitiveness
  Based on the experts’ evaluation on the assets operation competitiveness, we compare and judge using the method of pairwise comparisons among the five Airlines on three indicators, namely: the inventory turnover (A41), the total asset turnover (A42), and the asset-liability ratio (A43). We construct and transform the fuzzy reciprocal judgment matrix into a fuzzy consistent matrix, get the indicator weight, and test the consistency. The results are shown in Table 20.



According to the calculation results, the ranking results of the five airlines under each second-order indicator on the asset operation competitiveness, and the total rank of the assets operation competitiveness, are shown in Table 21.
(5) Evaluation of Human Resource Competitiveness
       We transform the fuzzy reciprocal judgment matrix into a fuzzy consistent matrix, based on two indicators in human resource, namely, the faculty (A51), and the ratio of the operation revenue in the faculty (A52), to get the indicator weight, and then we test these indicators’ consistency. The results are shown in Table 22.



Based on the calculation results, the ranking results of the five airlines under each second-order indicator on the human resource competitiveness, and the total rank of the human resource competitiveness, are shown in Table 23.
5.2 Evaluation of Airlines’ Competitiveness Based on the FAHP
Based on the experts’ research and evaluation results, we construct a fuzzy reciprocal judgment matrix, and get the indicator weights according to 
                                                 (16)
in the model, and then test the matrix’s consistency with the critical value, and. The results are shown in Table 24.
Based on the calculation results, the total ranking results of the airlines’ competitiveness are shown as follows in Table 25.
5.3 Discussion
From the evaluation results above, we can see that the five airlines have their own strong and weak competitive points on different indicators. From the ranking results of the internationalization level, we can infer that the competitiveness of Air China is relatively the strongest, with an evaluation value of 0.246, while that of China Southern Airlines is relatively the weakest, with an evaluation value of 0.163. In descending order, the other airlines rank as: China Eastern Airlines, Shanghai Airlines, and Hainan Airlines. From the ranking results of market competitiveness, we can see that China Southern Air is slightly better than Air China, but they do not differ significantly. The results match with the fact that China Southern Airlines has a larger share of Chinese domestic market, while Air China focuses more on the international market. These evaluation results are reasonable and objective. The descending order of other airline market competitiveness is as follows: China Eastern Airlines, Shanghai Airlines, and Hainan Airlines. From the comparison on the scale competitiveness, we can see that China Eastern Airlines, Air China, and China Southern Airlines are almost the same, with the evaluation value of 0.2286 (China Eastern Airlines), 0.2271 (Air China), and 0.2269 (China Southern Airlines); Hainan Airlines and Shanghai Airlines already have considerable competitiveness, if still not as competitive as the other three airlines. For the asset operation competitiveness, the results of the five airlines are nearly the same, ranking from first to last Air China, Shanghai Airlines, China Southern Airlines, Hainan Airlines, and China Eastern Airlines. For the evaluation results of the human resource competitiveness, Air China and China Southern Airlines seem to have the same human resource competitiveness, ranking tied for the first two; the human resource competitiveness of Hainan Airlines is slightly stronger than that of Shanghai Airlines; China Eastern Airlines is at the medium level of human resource competitiveness in the five airlines.
    From the evaluation results, we find that the most competitive airlines are not always the strongest on all the indicators, and vice versa. The ranking orders of the five airlines are constantly changing on various indicators. An airline that has a strong performance on a certain indicator must have a competitive advantage in that regard; while poor performance indicates that that aspect is a bottleneck constraining the development of the company. Take China Eastern Airlines for example: this company ranks No. 2 in the comprehensive evaluation, and the evaluation results show that it has better scale and international competitiveness, being superior to its competitors in terms of the fleet configuration, total airlines, the proportion of the international passenger transport capacity, and the proportion of the international cargo capacity. The evaluation results coincide with the actual situation of the company. However, for the asset operation, China Eastern Airlines ranks No.5, showing that the airline must improve their competitiveness in that particular aspect.
5	Conclusions 

    The theoretical research on the FAHP started only several decades ago and we still lack a deep understanding of the connection between the theory and the development of the aviation industry. Therefore, research into aviation competitiveness in China requires further study, especially into the aspect of cultivation methods of competitiveness and into ways of improving the industry from the inside. 
    In this paper, we evaluate aviation competitiveness in China with the assistance of the FAHP. Because the index system is established based on characteristics within the aviation industry, and data in the airlines are incomplete and difficult to collect; the index system needs further improvement. Further research should be focused on how to establish a comprehensive competitive evaluation system for the Airlines in China, as well as how to accurately determine the weight of each indicator. Another important research topic is how to improve an airlines’ competitiveness so as to achieve the goal of optimizing their management.
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